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PARENT SPECIES AND RECIPROCAL HYBRIDS 
Figure 1 


A—Upper and lower sides of leaves of Begonia picta; B—of hybrid B. picta 8 X B. Evansi- 
ana 2 ; C—B. Evansiana 8 X B. picta 2 ; D—B. Evansiana. B is a true hybrid, but C resem- 
bles in all respects the maternal species, Evansiana. 
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BEGONIA SPECIES HYBRIDS - 


Orvtanp E. Waite, J. HERBERT TAYLOR and BERNICE M. SPEESE 
The Blandy Experimental Farm, University of Virginia 


PECIES hybrids in Begonia are 
S relatively well known and are 

commercially common. The pres- 
ent investigation involves a hybrid be- 
tween two species from southeastern 
Asia, one of which, Begonia Evansiana 
Andr., will over-winter outdoors as far 
north as Philadelphia, and the other, B. 
picta, which is not winter-hardy even at 
Charlottesville, Virginia. Both species 
have small tubers, those of B. picta be- 
ing much smaller. In size, the tubers of 
the two species may be compared with 
that of a small marble and a small pea 
seed. B. Evansiana has non-patterned 
green leaves, somewhat colored by red- 
dish veining ; while B. picta has smaller 
green and red strikingly mottled leaves. 
B, Evansiana is a much more robust 
plant, often reaching a height of three 
feet or more when in flower. B. picta 
rarely reaches six inches. Both have 
pink flowers, the flowers of B. picta be- 
ing less striking as to number, ornamen- 
tal value, and shade of pink. Both spe- 
cies grow readily from seed, both are 
monoecious, and B. Evansiana repro- 
duces rapidly and without difficulty from 
“bulbils” in the axils of its leaves. Un- 
der our conditions, B. picta never did 
this. On a relatively well-drained, moist, 
partially-shaded bank, B. Evansiana is 
an interesting ornamental, either in flow- 
er or fruit. Both species die down after 
fruiting and are perennial through their 
tubers. Both grow best when planted 
just below the soil surface. B. Evansi- 
ana ranges from China and Japan to the 
mountains of Java; while B. picta comes 
from the Himalayas of India. It is not 
the B. picta described by L. H. Bailey? 
which is fibrous rooted. Figures 1-3 
show leaf details and plants of the par- 
ent species and the hybrids. 


Experimental Results 


The two species were crossed recipro- 
cally and produced apparently an abun- 
dance of seed. 
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When B. picta was used as the pistil- 
late parent, only ten plants were ob- 
tained; although many more seed may 
have germinated, but failed to survive 
to an appreciable size. The ten F, off- 
spring were all alike and produced both 
pistillate and staminate flowers of an 
intermediate pink color. When inbred, 
no seed resulted. In height, these hy- 
brids were intermediate. Axillary tubers | 
were produced similar to those of B. 
Evansiana. The mottled leaf pattern of 
B. picta was less pronounced or partial- 
ly dominant. When tested outdoors 
alongside B. Evansiana at Charlottes- 
ville, Virginia, the hybrid was winter- 
killed. 

Using B. Evansiana as the pistillate 
parent, the resulting F, offspring bore 
such a close resemblance to its maternal 
parent that it was doubtful if it was a 
true hybrid. The cross was repeated 
five or more times, always with the same 
results. Over fifty plants were grown 
to maturity, and these produced viable 
seed, which in turn produced offspring 
similar to themselves. Judging from the 
general appearance of a flat of seedlings 
resulting from this assumed cross, most 
of the seed was viable. 


Cytological Results 


Bowden? (Figure 39) reported 21 = 
24 for B. Evansiana. Subsequent inde- 
pendent cytological examination of this 
species by both junior authors of this 
paper showed 2” = 26, and this was 
further verified by Taylor upon investi- 
gating the hybrid B. picta & B. Evansi- 
ana and its maternal parent, B. picta. B. 
picta had 2n = 22, and the hybrid had 
2n = 24, as would be expected if the 
diploid number of B. Evansiana were 
26. Numerous irregularities in meiosis 
were found in the staminate flowers. 
Taylor found no irregularities in meio- 
sis of the assumed reciprocal hybrid, B. 
Evansiana X B. picta. Its chromosome 
number was 2 = 26, as in the maternal 
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parent, B. Evansiana, which indicated 
that the assumed hybrid seed of this 
cross was produced asexually or apo- 
mictically. Isolating the pistillate flowers 
of B. Evansiana with glassine bags gave 
much viable seed, which substantiated 
this assumption. 


The senior author has been interested 
in B. Evansiana for over ten years, be- 
cause so far as any investigations known 
to him are concerned, it is the only. one 
of over four hundred species of the genus 
Begonia that will survive, through its 
tubers, winter temperatures of —15°F. 
The ability of this species to survive 
temperatures below zero illustrates strik- 
ingly how a plant. family almost totally 
tropical and very frost-susceptible can, 
through mutations, produce a_ species 
very cold-resistant. This supports the 
senior author’s hypothesis** that tem- 
perature tolerances may arise through 
mutation in any species or group, irre- 
spective of its geographical range, and 
thus there may be and are many organ- 
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isms either as individuals or whole spe- 
cies now existing in regions so warm 
that no one would suspect them of hav- 
ing the ability to tolerate much lower 
temperatures. In an effort to discover 
such species in the Begonia genus, B. 
josephu and a Bhotan species thought 
possibly to be B. pedunculosa were left 
in the cold frames at The Blandy Ex- 
perimental Farm, where winter tempera- 
tures below zero are normal. Both 
failed to survive. 
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An Appeal for Reprints 


To The Editor: 


I just received a letter from an old 
friend of mine, Dr. L. J. Havas, former- 
ly of the University of Brussels, Bel- 
gium, and at present in Budapest, Hun- 
gary. He writes me that he is attempting 
to write a book on colchicine and its ef- 
fects and would be grateful to receive all 
publications on this subject. He appeals 
to fellow workers in this same field to 
send him publications on colchicine and 
related substances (polyploidizing agents, 
animal and plant hormones, carcinogenic 
substances, etc.). He also requests most 
recent publications on the methods of 
culture of penicillium and the extrac- 


tion methods of penicillin. His present 
address is: 
Hungarian Agricultural University 
Horticultural Faculty 
Institute of Special Fruit Growing 
Nagyboldogasszony utja 45 
Budapest XI, Hungary 


I would appreciate very much if you 
could reproduce this appeal in the Jour- 
NAL OF Herepity and help our fellow 
scientists who besides having a daily 
struggle for life in countries destroyed 
by war, lack the most elementary needs 
for research. 

Very sincerely yours, 
L. Marton. 
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CAN THE SEX OF MAMMALIAN 
OFFSPRING BE CONTROLLED? 


E. Newton Harvey 
Biology Department, Princeton University 


HETHER man’s ability to con- 

trol the sex of his own offspring 

would be regarded as a blessing 
or as a calamity, most will agree that 
sex control in animals—horse, pig, cow 
or sheep—is a desirable accomplishment. 
The following proposed centrifuge meth- 
od, which necessitates artificial insemina- 
tion, is based on the separation of male- 
producing and female-producing sperm, 
due to a slight difference in density of 
the two types. It differs from the meth- 
od tested by Lush,! where a difference 
in size of sperm is chiefly relied upon 
for separation. The method is applica- 
ble to man and to any other animal in 
which the X and Y-chromosomes are 
sufficiently different in volume. The pur- 
pose of this communication is to present 
the method and to give approximate cal- 
culations on which an estimation of suc- 
cess may be based, in the hope that some 
one will make the test. 


Two Possible Methods 


The slight amount of excess X-chro- 
matin in female-producing sperm must 
make them slightly more dense than the 
male-producing sperm. They will also 
be, on the average, slightly larger. Two 
procedures are possible for separation of 
such particles by the centrifuge: (1) the 
method of sedimentation velocity, most 
influenced by size differences, because 
rate of movement of particles varies as 
the square of a dimension ; (2) the meth- 
od of sedimentation equilibrium, depen- 
dent only on the first power of density 
difference between particle and medium. 

For the sedimentation velocity meth- 
od the sperm are centrifuged in a medi- 
um whose density is less than that of 
the sperm. Greater size, and to less ex- 
tent, greater density will make the fe- 
male-producing sperm move more rapid- 
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ly in a centrifugal field. Hence they will 
be found nearer the bottom of the cen- 
trifuge tube in a partly centrifuged sus- 
pension. The male-producing sperm will 
be nearer the top. In careful experiments 
of this type with centrifuged rabbit 
sperm Lush? found no difference in sex 
ratios of the offspring of rabbits fertil- 
ized by “top” sperm and “bottom” 
sperm. These experiments may also be 
interpreted as indicating that size dif- 
ferences in sperm are not correlated with 
sex determination, although Lush found 
no certain effect of centrifuging on size 
distribution. The bimodal size curves 
described for sperm by some workers 
may have some other meaning. . 

The sedimentation equilibrium meth- 
od of separating particles, which de- 
pends only on density differences, is set 
up as follows: A centrifuge tube is nre- 
pared, containing a gradient in density 
of some harmless isosmotic solution. At 
the top of the solution the density is 
less and at the bottom greater than that 
of the sperm. After a period of centri- 
fuging the sperm come to rest in a strat- 
um equal to their own density. No 
further movement of sperm can then oc- 
cur. This method has been used for 
many years by E. B. Harvey? (see Fig- 
ure 6 of that article) for obtaining “light 
halves” and “heavy halves” of sea urchin 
eggs. In the proper gradient of sea wa- 
ter and 0.95 molal cane sugar mixtures 
the centrifuge not only pulls the whole 
eggs into two halves but separates these 
halves by a distance of 2 cm. 

The idea of using a density gradient 
to separate male-producing and female- 
producing sperm occurred to me in 1932 
while working with the centrifuge- 
microscope.2 At that time I was un- 
aware of the work of Lush. Various 
matters have interfered with a test of 
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the density method but just before the 
war, in collaboration with Dr. John 
MacLeod, of Cornell University Medi- 
cal School, it was established that hu- 
man sperm are motile in and apparently 
not injured by suspension in 20% dex- 
trin* in Ringer’s solution (9.0 g NaCl, 
0.23 g KCI, 0.24 g CaCle per liter), of 
density 1.077. The sperm float in the 
solution. Their density, determined by 
centrifuging in mixtures of dextrin and 
Ringer’s solution, was found to be ap- 
proximately 1.0715. Dextrine-Ringer is 
therefore a proper medium for the den- 
sity gradient. 


Density of X and Y Sperms 


The question now is how great a den- 
sity difference may be expected from the 
presence of slightly more chromatin in 
the female-producing X sperm than in 
the male-producing Y sperm? That 
chromosomes are heavy material in a 
cell is a common observation in centri- 
fuge studies (Beams‘*), but I have been 
unable to find a figure for their density. 
However, if we assume that the chro- 
mosome mass in the head of a sperm 
makes up 80% of the whole and that the 
remaining 20% (middle piece, tail, etc.) 
non-chromosome material has the same 
density as blood plasma, 1.0265, we can 
calculate from the density of whole 
sperm, 1.0715, that the chromosomes 
have a density of 1.08275. 


The next question is the value of the 
volume ratio of 23 + X chromosomes in 
the female-producing to the 23 + Y 
chromosomes in the male-producing 
sperm.+ By assuming that individual 
chromosomes are cylinders and by meas- 
uring lengths and diameters of four sets 
of human chromosomes depicted by 
Painter® (Plate 6) and by Evans and 
Swezy® (Plate 10) it appears that these 
ratios are between 295/294 and 195/194. 
If we select a volume ratio of 256/255, 


a density of 1.08275 for the 80% of 
chromosomes in the sperm, and a den- 
sity of 1.0265 for the remaining 20% of 
material, it is easy to calculate that male- 
producing sperm should have a density 
of 1.07132 and female-producing of 
1.0715. These figures are approximate 
and intended to give only order of mag- 
nitude. The difference of 2 in 10,000 is 
small and would require a very slight 
density gradient. 

Such gradients are attainable with 
proper temperature control. In the 
Linderstrom-Lang and Lanz‘ dilatom- 
eter method of measuring peptidase ac- 
tivity, the density gradient was 0.0001 
per mm and the temperature control 
+ 0.002° C. Density measurement is 
one of the most sensitive means of de- 
tecting differences. Density is made use 
of in heavy water determination and 
measured to one part per million. A 
density gradient of 0.0001 per cm. should 
be attainable, sufficient to separate the 
male- and female-producing sperm of 
man. In the pig, X and Y chromosomes 
are said to differ greatly in size and 
separation of boar sperm should be 
easier. 

It is quite certain that separation of 
male- and female-producing sperm can- 
not be effected in an ordinary centrifuge, 
where heat convection currents may dis- 
turb the density gradient, but in the 
vacuum type turbine centrifuge for sedi- 
mentation of large molecules success 
might be attained. In the long run, suc- 
cess of any process must depend on de- 
mand and _ skill. Separation of male- 
producing and female-producing sperm 
is a very definite possibility but refined 
methods and specially designed centri- 
fuges will be necessary. It must be re- 
membered that just such refinement of 
technique brought the laborious separa- 
tion of Uranium 235 and U 238 to a 
successful conclusion. We may designate 


*Dextrin, sold by the Eastman Kodak Company, is harmless to sperm, but some other 


samples were toxic. 


+There has been some difference of opinion regarding the existence of a Y chromosome in 
man. A discussion and literature is given by King and Beams (Anat. Rec. 65:165-176, 1936). 
If there is an X-O mechanism for sex determination in man the density difference of male- and 
female-producing sperm would be greater than the following calculated values. 
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any process of sorting the two kinds of 
sperm for control of sex as essentially 
a separation of biological isotopes. Such 
an accomplishment can now be evaluated 
in these terms—difficult but possibly at- 
tainable. 
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HEREDITARY ATAXIAS IN SCANDINAVIA 


N this study of hereditary ataxias* 

188 persons (95 males and 93 fe- 
males) in 118 families were affected with 
hereditary ataxia. A total of 3,111 per- 
sons was geneologically investigated. 

The studies were divided into the fol- 
lowing groups: I, Friedreichs Ataxia ; 
Ia, rather uncertain, more atypical cases ; 
II, mixed and transitional forms of atax- 
ic cases; III, ‘‘Pierre Marie’s Ataxia” ; 
IV, congenital fragmentary “hereotaxie.” 


The actual development of the disease 
was studied, as it was possible to follow 
the cases one to several decades after 
first hospitalization. 

Progressive to extreme dementia is 
an outstanding symptom in later stages 
of both Friedreich’s Ataxia and Pierre 
Marie’s Ataxia. The appearance of mus- 
cle atrophy, more in Friedreich’s Ataxia 
is, especially in later stages, a common 
and often prominent symptom. 

The median age of onset in these cases 
is for Friedreich’s Ataxia 13+0.7 years, 
for Pierre Marie’s Ataxia 34+1.9 years, 
for the heterozygous group II 50+2.3 
years. The age of onset is determined 
by the family ; siblings show great agree- 


ment in this respect. In siblings as a 
rule there is a strong “homotypie.” 

In group IV the congenital fragmen- 
tary “heredoataxie-form” shows as char- 
acteristics, the Friedreich’s foot at birth 
and usually also spinal column deforma- 
tion, slight atactic symptoms, lack of se- 
nior reflexes but on the negative side the 
absence of dementia, of speech difficulties 
and of cranial nerve symptoms. 

Friedreich’s and Pierre Marie’s 
ataxias are viewed as different bio- 
types. The former shows with a high 
degree of probability a recessive mono- 
hybrid course of inheritance. The data 
also indicate with a high degree of prob- 
ability that Pierre Marie’s ataxia is 
dominant in its inheritance. 

In groups II and IV the pedigree ma- 
terial is too meagre for statistical anal- 
ysis. Certain factors indicate the hypo- 
thesis of multiple alleles as the explana- 
tion for the several types of the disease. 

The geographic distribution of the 
cases suggests that heterozygous ances- 
tors accumulated in certain local commu- 
nities in different parts of the country. 

C. V. Beers and E. Haas 
University of Southern California 


*Sjégren, Torsten. Klinische und erbbiologische Untersuchungen tiber Heredoataxien. Kungl 
Boktryckeriet. P. A. Nordstet & Soner, Stockholm, 1943. 
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GENIC AND CULTURAL EROSION IN 
AMERICA 


N 1938 the National Resources Com- 
| mittee published an exhaustive sur- 
vey of population trends in the 
United States. The chapter on “Physi- 
cal Characteristics and Biological In- 
heritance” closed with this veiled warn- 
ing: “The possibility of the wastage of 
genes favorable to human development 
through social conditions causing ad- 
verse selection suggests a more serious 
uational problem than any amount of 
soil erosion. Sociological considerations 
would suggest that a policy calculated to 
conserve the desirable biological heritage 
of the race generally would not conflict 
with measures to foster social progress 
in other directions.” 

The data on which this conclusion 
was based were amply alarming to jus- 
tify even stronger language. In review- 
ing this Report (Jour. Hered. December 
1938), Dr. J. J. Spengler put it this way : 
“Very clearly between the lines of the 
Report emerges this major challenge to 
the democratic ideal. If democracy is 
able to put its biological and cultural 
house ‘in order in respect to the funda- 
mental problems which are stressed in 
the Report it may face the future con- 
fidently.” Spengler suggested a second 
line of defense. If democracy failed to 
meet this emergency he hoped that the 
return of the “biological and cultural 
dark ages” might be averted by “the 
emergence of an elite’—in other words 
by a fascist coup. In 1938 this seemed 
a desperate remedy. Today it appears 
a council of despair, worse even than the 
fatal disease it hoped to cure. But the 
challenge remains to cast our culture in 
a pattern that will conserve the genes 
which make for the emergence of adapt- 
ed, intelligent and humane personalities. 
In the intervening wartime years noth- 
ing has transpired to lessen its urgency. 

Just recently the Census Bureau has 
added further factual fuel to keep this 
brightly burning question uncomfortably 
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hot. The 1940 Census obtained unique 
data on the reproductive pattern of the 
American people that confirms over- 
whelmingly the extent of this emergency. 
Heretofore we have been permitted to 
hope that limited surveys painted too 
pessimistic a picture. The publication of 
this 400-page tabular summary of the 
birthrate patterns of all the country tells 
us nothing revolutionarily new, but it 
does underline in bold strokes the hand- 
writing on the wall, emphasizing the 
reality and the extent of genetic and cul- 
tural erosion. 

The new information which reveale 
these trends was simple enough. In 
addition to the routine questions about 
nativity, age, etc., all women were asked 
how many children they had ever borne, 
and what was the monthly rental value 
of the home they were living in. Re- 
lated to age and racial origin, this makes 
possible correlations between extent of 
education, economic status and fertility. 
These data are tabulated in five year 
age-groupings, so that the replacement 
rates of the various components of our 
population are revealed not for isolated 
samples but for all the people of the 
United States. 

The rate at which this erosion is pro- 
ceeding cannot be read directly from 
the raw data, but the trends are so steep- 
ly sloped that we hardly need a micro- 
scope to convince us that our selection is 
in reverse. As the late E. M. East was 
wont to remark, “You don’t need to 
weigh a load of hay with a chemical 
balance.” The birth differentials of our 
population are so great that our cultural 
and genic topsoil would have to be far 
thicker than that of our land if disaster 
is long to be avoided. 

The first analysis of any of these 
crucial data to appear in print has been 
published by Mr. Guy Irving Burch of 
the Population Reference Bureau. He 
has summarized the data on native white 
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RENTAL AS RELATED TO NUMBER OF CHILDREN 
Figure 4 


Amount of schooling and monthly rental of home, in relation to number of children ever 
born, as reported by native white women 45-49 years old in 1940. Data from Tables I and II. 
This age-group comprised about three million women. 


women 45-49 years old. This group 
had just reached the end of the child- 
bearing period. They are the women 
who were having most of their children 
in the lush 1920's, before the depression. 
To the census figures Burch has added 
replacement ratios to produce the re- 
gional summaries shown in Tables I and 
II. He has also compared these figures 
for completed families with reproductive 
achievements of some of the younger 
women, many of whom will still have 
more children (Tables III and IV). 
These show that the trends which ob- 
tained among women who were at the 
height of their child-bearing a score of 
years ago are remarkably similar to those 
found among women who were enjoy- 
ing their maximum fecundity very re- 
cently. The tendency of the differences 
to be greater with increasing increments 
of schooling means that the differentials 
among the younger women are probably 


larger than among the older. The pen- 
dulum seems to be still on an outward 


swing. 
The Next Three Generations 


Burch also projected the 1940 trends 
into the future. Taking account of 
death rates which have been acting on 
the children born by women in the 45- 
49 age group, he has computed the 
participation of three categories of wom- 
en in the production of succeeding gen- 
erations of Americans. There are about 
three million women in the 45-49 year 
group. If they are divided as shown in 
the chart (Figure 5), there are just 
about a million women in each of the 
groups. If birthrates and deathrates re- 
main at present levels, the great-grand- 
daughters of the women who did not 
graduate from grade school will out- 
number the granddaughters of the other 
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two groups two to one. Perhaps the 
most important single datum from these 
statistics is that high school graduates 
follow college graduates in their fertility 
patterns. To those with a less-than-ade- 
quate education for so complex a world 
is left the supreme duty and privilege of 
being the progenitors of future genera- 
tions of Americans. 

Even in terms of “sociological consid- 
erations” this hardly seems a healthful 
or hopeful situation. “Culture-heredity,” 
the transmission of a culture-complex 
irom one generation to the next, de- 
mands that those who are to perpetuate 
it be immersed in the best of a culture. 
Surely the present birth-pattern does not 
achieve that end, and we can even won- 
der whether the situation may not be 
more immediately alarming in its threats 
of cultural erosion, and a quick black- 
out that way. But that is an anthropo- 
logical question rather than one of 
genetics. 

Biologically the situation is more 
alarming than such an estimate indicates. 
Burch postulated that the groups remain 
separate. Actually no barriers exist be- 
tween them. The brighter children of 
the grade-school parents are continually 
moving up into the high school and col- 
lege brackets ; and in the process they are 
presumably suffering the same steriliz- 
ing blight which seems to be the inevit- 
able concomitant of education as it is 
purveved in the United States today. 
The less bright offspring of the high 
school and college groups are drifting 
down into the grade-school group, where 
they will doubtless achieve a higher 
fecundity. This two-way sifting proc- 
ess is dy. sgenic in its implications in both 
directions and it can only favor the in- 
creased perpetuation of the less intelli- 
gent and presumably of the less adapted 
individuals... This remains true even 
though we recognize that a phenotypic 
classification on the basis of education 
and economic status is far from perfectly 
correlated with the genotype of particu- 
lar individuals. That on the average the 
correlation is significantly positive can 
hardly be questioned. Surely those who 
pass through the sieve of educational and 


economic proficiency are avéragely, with 
large individual variations, somewhat 
more intelligent than those who do not. 
Only if it can be shown that it is possi- 
hle to increase the butterfat content of 
milk by skimming it and throwing away 
the cream can we be justified in view- 
ing present birth-trends complacently. 


Death Selection vs. Birth Selection 


The real significance of these figures 
is hardly their novelty. They confirm 
a matter of common observation and 
reasonable deduction from existing data. 
The genic and cultural erosion that so 
ominously confronts us today is the 
fruit of an irrational refusal to consider 
the obvious. We have passed in the last 
century from a biological dispensation 
wherein selection was by survival in a° 
culture pattern of very high death rates 
to an utterly different pattern in which 
chances of survival have been greatly 
increased without any concomitant se- 
lective process taking the place of a 
high death rate. In the early years of the 
United States, a quarter of the children 
born failed to reach their first birthday. 
Today only 49 out of a thousand die be- 
fore they are a year old. Nine-tenths of 
teday’s babies reach adulthood, as com- 
pared with perhaps a half in 1800. 

Biological processes acting on a spe- 
cies “in being” usually prove on analysis’ 
to be a complex of multiple dependencies. 
The question of who the survivors ac- 
tually were under the high death rates 
of an earlier day could not be answered 
in terms of any simple generalization. 
Certainly the survivors were not on the 
average those who lacked physical fitness 
and stamina, nor were they those whose 
parents’ foresight and foraging ability 
left their offspring chronically ill fended 
for. Under such a hard dispensation, 
survival to adulthood must have been 
the reward on the average of those who 
had adaptive attributes of one kind or 
the other. Among these attributes we 
necessarily include such qualities as al- 
truism and love of children, which held 
families together and made them effec- 
tive social units. 

The present dispensation, where fewer 
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are called to birth and a far larger pro- 
portion survive, need not necessarily 
mean that selective factors have been 
abrogated. Birth selection can be sub- 
stituted for death selection and if the 
job is adequately done, it can be vastly 
more effective. We see examples of this 
in any rational program of plant or 
animal improvement. The experimenter 
does not progress by sorting the progeny 
of a multitude of unconsidered matings. 
He picks the fittest and best adapted 
in the terms of the environment he is 
dealing with to be the parents of the 
next generation. He makes mistakes, 
but the trend is in the right direction. 
In such a context birth selection can 
take the place of death selection, and 
it can be more effective and vastly more 
humane. ‘ 


But the process is not one that oper- 
ates automatically. It can be carried on 
by other means than those used by the 
breeder. These census statistics bring 
us face to face with the fact that in doing 
only half the job we have put ourselves 
in a very dangerous situation. We have 
abrogated death selection. But we have 
not substituted for it any machinery to 
promote birth selection. The public 
health programs which have made pos- 
sible the dramatic reduction in the death 
rates of the American people have not 
happened in an intellectual vacuum. They 
demonstrate unmistakably the effective- 
ness of planned and coordinated attacks 
on a human biological problem. If we 
look upon public health merely in terms 
of lowered death rates and not in terms 
also of long-term genic and cultural wel- 


TABLE III. Percentage Difference between Number of Children per Native White Woman Aged 45-49 
Years and Native White Woman Aged 30-34 Years, in Education Groups in 1940. Total Women, Except 
Ever Married Not Reporting on Children, and Except Less than 1% of Women Not Reporting School Years 


Completed. From Population Bulletin, December 1945. 


Women Aged 45-49 


Years in 1940 
Years of Number Children 
School of per 
Completed Women Woman 
(Grade School) 
No yeats 315720 3.95 
148,440 4.33 
5 and 6 years... 270,960 3.74 
7 and 8 years 1,038,220 2.78 
(High School) 
3 years 455,440 
417,260 1.75 
(College) 
1 to 3’ years 184,000 1.71 
4 years or more 112,540 1.23 


Difference in 


Women Aged 30-34 Number 
Years in1940 of Children 
Number Children Per Woman 
of per 45-49 and 30-34 
Women Woman Percentage 
25,820 2.23 
103,100 3.03 —30% 
229,020 272 —27% 
,090, 2.04 —27% 
846,760 1.69 —29% 
923,400 1.16 —34% 
363,160 1.05 —39% 
228,800 70 —43% 


TABLE IV. Percentage Difference between Number of Children per Native White Woman Aged 45-49 
Years and Native White Woman Aged 30-34 Years, in Economic Groups in 1940. From Population Bul- 


letin, December, 1945. 


Women Aged 45-49 


Years in 1940 
Number Children 
Monthly Rental of per 
Value of Home Women Woman 
Under $5 177,140 4.50 
$10 to $1400 277,820 3.31 
S19 249,080 2.93 
2.15 
1.90 
1.75 


880 
$100 or more _........... 91,920 1.85 


Percentage 
Women Aged 30-34 Difference 
Years in 1940 in Number 
Number Children of Children 
of per per Woman, 
Women Woman 45-49 anl 30-34 
296,260 3.00 —33% 
418,120 2.53 —36% 
413,300 212 —36% 
399.120 1.88 —36% 
730,640 1.51 —40% 
539,080 1.21 —4+4% 
317,080 1.06 —+4% 
322,220 1.02 —42% 
76,860 1.05 —39% 
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BIRTH RATES GO DOWN 
AS EDUCATION GOES UP 


WOMEN 45-49 IN 1940 CENSUS THEIR DAUGHTERS THEIR GRANDDAUGHTERS THEIR GREAT-GRANDDAUGHTERS 


Courtesy Population Reference Bureau 


FAREWELL TO THE EDUCATED 


Figure 5 


About three million native white women aged 45-49 years were reported in the 1940 census. 
They divide into three groups of just about a million each if we take those who had seventh 
grade schooling or less, those who graduated from grade school and did not finish high school, 
and those who graduated from high school and including those who went on to or through 
college. Making allowances for earlier and current death rates, and continuing present rates 
into the future, the relative proportions of descendants of these women are shown. This esti- 
mate is conservative because census figures of births are known to be low by at least six per 
cent, and because Dr. P. K. Whelpton of the Scripps Foundation has established that the 
enumeration of children ever born is low on the average by at least nine per cent. Both these 
considerations would mean a larger contribution from the high birth-rate groups. 


fare, short term gains may become long 
term preludes to disaster. 


Let No Mind Enter Here 


It is a curious feature of our culture 
that, eager as we are to use the human 
mind to tackle problems of technology. 
engineering, or medicine, when we get 
around to questions of sex and repro- 
duction, we adopt the curious attitude 
that just here, where so much wisdom 
is needed, we must take leave of our wits 
and use only our feelings. This astonish- 
ing behavior can only end badly for we 
must practice effective selection or the 
jig is up. “The intrinsic (genetic) char- 
acteristics of any generation can be bet- 
ter than those of the preceding genera- 
tion only as a result of some kind of 
selection, t.e. by those persons of the 
preceding generation who had a better 


genetic equipment having produced more 
offspring, on the whole, than the rest, 
either through conscious choice, or as an 
automatic result of the way in which 
they lived.” So said the signers of the 
1939 Edinburgh “Geneticists’ Mani- 
festo.” There is nothing in the situation 
revealed by the 1940 census figures 
which gives any indication that »recent 
trends are delaying the time visen this 
“national problem more staggering than 
any amount of soil erosion.” will bring 
us to the edge of that new Dark Age. 
What then can be done? Recently we 
discussed in the JouRNAL the implica- 
tions of the Canadian family allowances 
act and contrasted the philosophy there 
implied with that of the Swedish ex- 
periment to level out birth differentials. 
We do not know to what extent the re- 
duction in fecundity with increasing 
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education is simply a reflection of the 
fact that increasing increments of in- 
telligence tend to a realization, reluctant 
though this may be, that there are def- 
inite limits to the number of children 
most parents can adequately fend for in 
our complicated civilization. 

We might argue on the basis of the 
census evidence that our educational 
system is primarily a highly effective 
sterilizing device. But surely this is 
only half the truth. Any intelligent 
person, in position to decide on the basis 
of the facts, must accept the reality that 
child-bearing is expensive. It is easy 
to substitute luxuries for necessities in 
deciding what is essential for the rear- 
ing of children, and without too much 
mental anguish to rationalize oneself 
into very selfish attitudes. We do know 
that attitudes do affect the relation be- 
tween education and fecundity. Thus 
among Catholic high school and college 
graduates, the birthrate is consistently 
higher than among Protestants or Jews. 
Assumedly this can be attributed to en- 
vironment rather than to genes. The 
differences are not large, but they may 
justify the hope that our educational 
system could be changed to be less 
disasterously gene-erosive in its effects. 

Surely at the other end of the economic 
and educational scale the tendency to 
over-reproduction could be more quickly 
and easily changed. That a majority 
of the future citizens of America are 
born into the least advantaged homes 
and are reared under conditions of 
physical and mental want, bordering 
sometimes on actual starvation, is a dis- 
tressing reflection on our culture. It 
is agreed that birthrates drop when 
educational and economic conditions im- 
prove. This could be in part because 
the well fed and well schooled usually 
are in possession of knowledge of means 
to space their children at healthful in- 
tervals. A few states are now beginning 
to correct this injustice by making birth 
control clinics part of the public health 
program. 

It is clear that the National Resources 
Committee Report only told the half 
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when it suggested that measures for gene 
conservation need not conflict with so- 
cial betterment programs. Unfortunate- 
ly the reciprocal is not true: social bet- 
terment programs can be frighteningly 
dysgenic in their effects. And the excel- 
lence of a measure from other points of 
view has no necessary relation to its eu- 
genic potentials. It will be a tough job to 
figure things so they work for the best 
both ways. But it can be done. 

First of all, we need to get our heads 
out of the sand and really look straight 
at the handwriting on the wall. Then 
we need to do some serious thinking. 
We need to take realistic stock of the 
tools we have to hand. There’s a deal 
of re-educating to be done. If we really 
take the matter seriously, and mean 
business, attitudes can be changed. The 
advertisers are doing it for commercial 
purposes all about us. It cost the Amer- 
ican tobacco industry five million dol- 
lars to double the number of their 
customers by putting women to work 
smoking cigarettes. That was a good 
investment. If for twice that amount we 
could reduce gene-erosion through mis- 
placed fecundity, it could postpone the 
New Dark Age indefinitely. If we fear 
that these matters are “too delicate” for 
public discussion, consider the laxative 
advertisements and remember how many 
other physiological quirks now ride 
the ether with disconcerting frankness. 

Perhaps we should use even the silly 
simplicities of the advertiser’s approach 
for important social purposes, not mere- 
ly as the playthings of sales departments. 
It might be dangerous, but so is elec- 
tricity and the automobile and too many 
vitamins. So is remaining in our present 
ludicrous and vulnerable position with 
our heads in the sand, inviting a cosmic 
kick in the pants. 

If we can’t dismiss differential birth- 
rates as being utter moonshine, then they 
become next to the atomic bomb the 
most urgent problem of our time. If 
the genic rtends are against us, then the 
New Dark Age is inevitable. The only 
important question is when will it be- 
gin? Or has it?—r. c. 


THE ORIGIN OF TRITICUM SPELTA AND 
ITS FREE-THRESHING HEXAPLOID 
RELATIVES* 


E. S. McFappenj# and E. R. SEArst 


N the basis of their chromosome 
() numbers, the known species of 
wheat (Triticum) can be divided 

into three major groups: diploids, tetra- 
ploids, and hexaploids, with 7, 14, and 
21 pairs of chromosomes, respectively. A 
fairly complete list of the representatives 
of these three groups is given in Table I. 
With few exceptions, Triticum species 
with the same chromosome number are 
inter-fertile, while crosses between spe- 
cies having different numbers result in 
some degree of sterility. Almost all Fi 
hybrids between species possessing the 
same number of chromosomes show only 
bivalent chromosomes at meiosis. The 
F, hybrids between representatives of 
the tetraploid and hexaploid groups 
(called pentaploid hybrids : 21+-14=35) 
usually show 14 bivalents and 7 unival- 
ents. Those between tetraploid and di- 
ploid forms (triploids: 14+7=21) have 
normally about 7 bivalents and 7 unival- 
ents, although the bivalents may vary 
from 4 to 7, and the univalents from 7 to 
13. The hexaploid x _ diploid cross 
(21+7=28) normally produces 7 bi- 
valents, but may have none or as many 
as 10. This behavior of the chromosomes 
is generally interpreted to mean that the 
diploid, tetraploid, and hexaploid groups 
have respectively one, two, and three 
sets of seven chromosomes each which 


differ from one another. The single set 
in the diploids is designated as the A set, 
or A genome; the additional set in the 
tetraploids as B; and the third set in the 
hexaploids as C (or D, by Japanese 
workers). Irregularities in the expected 
number of paired chromosomes at mei- 
osis in the hybrids are usually interpret- 
ed as being due to changes in the chro- 
mosomes that have taken place since the 
various species originated. Outstanding 
exceptions are the recently described 
species T. armeniacum and T. timophee- 
vi, which apparently have only one ge- 
nome in common with the other tetra- 
ploid wheats. These two species are list- 
ed in Table I, but are left out of con- 
sideration elsewhere in this paper. 
From both cytological and morpho- 
logical evidence, it is now generally be- 
lieved that the cultivated forms in the 
diploid and tetraploid groups are derived 
from existing wild forms of their respec- 
tive groups. There are some obvious ex- 
ceptions to this rule, however, among the 
free-kerneled tetraploids. The hexaploid 
group, as shown in Table I, has no 
known wild prototype, although vague 
reports of the finding of wild spelt in 
southwestern Asia have appeared at dif- 
ferent times. The cultivated wheats of 
the diploid group lack free-threshing 
forms, and so do the wild wheats of all 


*Investigations conducted by the Division of Cereal Crops and Diseases, Bureau of Plant 


Industry, Soils, and Agricultural Engineering, Agricultural Research Administration, U. S. 
Department of Agriculture, in cooperation with the Texas Agricultural Experiment Station 
and the Field Crops Department, Missouri Agricultural Experiment Station. Supported in part 
by funds obtained under Bankhead-Jones Projects 370, “Breeding Small Grains and Flax for 
Resistance to Rust and Other Diseases Indigenous to the Humid Climate of South Texas”, 
and SRF 2-95 “Combining in Wheat the Disease Resistance and Other Desirable Characters 
of Related Grass Species”. Texas Agricultural Experiment Station Technical Contribution No. 
949. Missouri Journal Paper No. 998. 

tAssociate Agronomist, U. S. Department of Agriculture, Texas Agricultural Experiment 
Station, College Station, Texas. 

tSenior Geneticist, U. S. Department of Agriculture, Genetics Building, University of 
Missouri, Columbia, Missouri. 


81 


82 The Journal of Heredity 


RACHIS FRACTURE IN TRITICUM SPELTA AND ITS SUGGESTED PARENTS 
Figure 6 


Spikelets of Triticum spelta and its supposed parents, T. dicoccum and Aegilops squarrosa, 
showing different types of fracture of the rachis in the parents and both types of fracture in 
T. spelta. Upper row, the supposed parents: 4—T> dicoccum, showing fracture above the point 
of attachment of the spikelet, which leaves a segment of the rachis attached to the lower end 
of the spikelet. B—Ae. squarrosa, showing fracture below the point of attachment of the spike- 
let, with a segment of the rachis left attached to the face of the spikelet. Lower row, spikelets 
from a threshed sample of 7. spelta; C—with segment attached to the base of the spikelet as 
in T. dicoccum; D—with segments attached to face and base of spikelet as in both supposed 
parents; E—With segments broken from base and face of the spikelets; /’—with segment 
attached to the face of the spikelet as in 4e. squarrosa. X 3.5. 


groups. The absence of these three forms 
must be explained by any sound theory 
of the origin of the cultivated wheats. 


Early Theories of Origin 


In the hexaploid group, the older 
European classificationists recognized 
only three species, 7. spelta, T. vulgare, 
and T. compactum, which are the only 


hexaploid forms that commonly occur in 
Europe. In recent years, five or more 
newly discovered forms which are en- 
demic to Asia have been given specific 
or sub-specific rank. Since no wild pro- 
totype of the hexaploid group is known 
to exist, many theories have been ad- 
vanced as to the time, place, and method 
of origin of the species of this group. 
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STERILE HYBRID RESEMBLING TRITICUM SPELTA 
Figure 7 


Spikes of (.4) Triticum dicoccum, (B) Aegilops squerrosa, (C) F; of T. dicoccum X Ae. 
squarrosa, and (D) T. spelta, C.I. 1747. The Fi hybrid (C) has the taxonomic characters of 
T. spelta (D) but is completely sterile. It probably has the haploid chromosome number (21) 
of 7. spelta, and doubling of its chromosomes should give a fertile form practically identical 
with the variety of 7. spelta shown in the illustration. All natural size. 
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particularly the three European species. 
De Candolle*, Hackel!’, Carleton®, and 
many of the other older authorities be- 
lieved that T. spelta was one of the old- 
est cultivated wheats, and that it was 
grown and widely disseminated by the 
ancient Greeks and Romans. Further- 
more, the fact that 7. spelta has a brittle 
rachis and invested seeds has usually led 
to its being considered the most primi- 
tive of the three hexaploid forms. In the 
phylogenetic classifications of Schulz*! 
and Flaksberger!*, T. spelta is given the 
status of a primitive prototype of the 
other hexaploids. In a later publication, 
however, Flaksberger!* expressed the be- 
lief that T. spelta originated from 7. 
vulgare in the region northwest of the 
Alps at some time since the Stone Age. 
Most of the other modern authorities are 
in general agreement that T. spelta is of 
comparatively recent origin, and possibly 
may never have been grown extensively 
outside of the general regions in Europe 
where it is cultivated at present, which 
include parts of southern Germany, 
Switzerland, and the mountainous re- 
gions of northern Spain. In support of 
their contentions, these authorities point 
out that there is no archaeological evi- 
dence of the existence of this wheat pre- 


Table I. Species of Triticum 
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vious to the Bronze Age, and that the 
name “spelta” is not found in literature 
previous to the fourth century A. D. 
Schroder*®, however, still believes (from 
anatomical evidence) that 7. vulgare 
arose from T. spelta. 

Stapf*® accepted the belief of Grad- 
mann, whom he quotes as having pro- 
duced strong evidence that T. spelta was 
the staple grain of the Alamanns (a 
Germanic tribe), who brought it with 
them into South and West Germany 
from their old home east of the Elbe. A 
similar view is held by Percival*!, who 
contends that the “bote” of the ancient 
Egyptians, “zea”, or “zeia”, of the Greek 
authors, and the “far” of the ancient 
Roman writers, referred to forms of 
T. dicoccum and not to T. spelta as sup- 
posed by de Candolle and the earlier 
translators of the classics. Schiemann** 
agrees in the main with Percival, and 
claims that T. spelta was first grown in 
the Rhine Valley and by the Lake Dwel- 
lers during the Bronze age. However, 
Schiemann does not accept the teaching 
of Gradmann that 7. spelta came into the 
Rhine Valley from the East, but con- 
siders it more likely that the form origin- 
ated in the Rhine Valley as a segregate 
from a cross between T. vulgare and T. 


Diploid Series Tetraploid Series Hexaploid Series 
(n © 7, 2n = 14) (n = 14, 2n © 28) + (n = 21, 2n = 42) 
Genome A Genomes A + B, or A + Genomes A+ B+ C 
Species Genome! Species G Speci 
Invested T. aegi lopoides 1. dicoccoides Korn. AB None 
think} Bal. A 
Kernel | thaoudar Reut. A |T. armeniacum (Jekub.) 
Wild Makush. AG 
Forms Free None None None 
Kernel 
Invested T. monococcum L. A |T. dicoccum Schrank T. spelta L. ase 
Kernel T. timopheevi Zhuk. AG | T. speltiforme aschers, 
et Graebn.*|A 8 C 
T. rigidum Schrad.® arc 
Dekeap. 
and Menab. [ABC 
T. vaya (Tuman.) 
Culti- Jakub a3c 
wated 
Forms Free None 7. turdi L ae 
Kernel T. persicum (Boiss.) aitch, T. vulgare Vill ase 
et Hemsl. as’ 
T. polonicum L. ab T. compactum Host. asBe 
Dest. AE | spheerococcum Perc. | A 
py dale (Del.) Perc. asB 
orientale Perc. aB 


“Often considered subexpecies of T. vulgare. 


Recently described species with pronounced differences from the other tetraploids in chro- 
mosome homologies and in morphology. Not discussed in the text. 
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dicoccum, Dekaprelevich and Menabde® 
believe that all of the hexaploid wheats 
with brittle spikes originated in south- 
western Asia near the Caucasus, and that 
the diverse T. macha is the primary form 
from which T. spelta branched off during 
comparatively recent times. 

Numerous students of the subject have 
from time to time expressed the belief 
that the genus Aegilops has contributed 
in one way or another toward the origin 
of T. spelta or of the entire hexaploid 
group of wheats. Fabre™ believed that 
T. vulgare was derived by direct descent 
from Ae. triticoides Req. However, God- 
ron! later demonstrated that de. triti- 
coides was not a true species, but a hy- 
brid between Ae. ovata L. and T. vulgare. 

Stapf*® believed that T. vulgare was 
derived from some unknown wild an- 
cestor, and that 7. spelta was descended 
from Ae. cylindrica Host, but he did not 
exclude the possibility that some of the 
features of T. spelta might have come 
from the “true wheats” as a result of 
natural crossing. 

Cook® discovered in Palestine what he 
considered to be a hybrid between the 
wild emmer, 7. dicoccoides, and some 
form of Aegilops. Shortly thereafter, 
Percival*! expressed the belief that the 
wheats of the vulgare (or hexaploid) 
series were “segregates” from crosses 
between wheats of the emmer (or tetra- 
ploid) series and certain species of 
Aegilops. He believed that Ae. ovata had 
played an important role in the origin of 
T. vulgare while Ae. cylindrica had con- 
tributed certain characters to T. spelta. 

Vavilov®? suggested that T. spelta 
might be of hybrid origin, but thought 
that T. vulgare was derived from a wild 
prototype which might still be in exist- 
ence somewhere in southwestern Asia. 

Schiemann®® proposed that T. vulgare 
originated as a segregate from a cross 
of 7. dicoccoides Ae. cylindrica. 


Theories Involving Allopolyploidy 


While speculations as to the origin of 
the hexapleid group of wheats were at 
their height, certain cytological dis- 
coveries threw new light on the subject. 
Burbank® had drawn attention to num- 
erous cases of true-breeding hybrids be- 


tween widely divergent species, and ex- 
pressed the belief that such fixed hybrids 
played an important role in the evolution 
of plant life. However, little attention 
was paid to the subject until Digby!® had 
reported the now celebrated case of 
Primula kewensis, a true-breeding tetra- 
ploid form with 36 chromosomes derived 
from a cross between the two diploids, 
P, floribunda and P. verticillata, each of 
which had only 18 chromosomes. Shortly 
thereafter, Winge®’ showed how such 
forms might arise through a doubling of 
the chromosomes in the F; hybrid. These 
discoveries were followed by the cyto- 
logical studies of wheat species by Saka- 
mura®#, Kihara*4, and Sax®*, who 
showed that the genus Triticum com- 
prised three groups, a diploid group with 
14 chromosomes, a tetraploid with 28 
chromosomes, and a hexaploid with 42 
chromosomes. Later studies by Perci- 
val®*,_ Sorokina*®, Schiemann®’, and 
others showed that the genus Aegilops 
also consisted of species with 14, 28, and 
42 chromosomes. With polyploidy known 
to exist in both Triticum and Aegilops, 
the belief among cytologists ultimately 
became nearly universal that the hexa- 
ploid wheats were allopolyploids of a 
tetraploid species of Triticum and a di- 
ploid species of Aegilops. McFadden’, 
however, has suggested that one or more 
genera in addition to Triticum and 
Aegilops may have played parts in the 
phylogeny of modern cultivated wheats 
—a view which Bhatia! appears to share. 

In recent years there has been much 
speculation as to which species of Aegi- 
lops may have contributed the third. or 
C, set of chromosomes of the hexaploid 
wheats. A great deal of cytological work 
has been done on the subject, and num- 
erous attempts have been made to syn- 
thesize artificially wheats of the hexa- 
ploid series, especially since the col- 
chicine method of doubling chromosome 
numbers in sterile hybrids has come into 
vogue. 

Cytological studies by Sax and Sax*6 
and numerous others, including Perci- 
val’3, have proven quite conclusively that 
Ae. ovata could not have played a major 
role in the origin of the hexaploid wheats 
as was originally believed by Percival*!, 


B 


SYNTHETIC SPELTA COMPARED WITH PARENTS AND NATURAL SPELTA 
Figure 8 
Spikes of (A) Triticum dicoccoides, (D) Aegilops squarrosa, (B) allopolyploid of T. 
diccoides X Ae. squarrosa and (C) T. spelta, C.I. 1717. The allopolyploid has the chromosome 
number and major taxonomic characters of 7. spelta but differs from the illustrated variety of 
T. spelta by a number of minor characters. The allopolyploid is highly fertile, cytologically 
stable, and produces fertile hybrids with the cultivated forms of T. spelta and T. vulgare. X 0.89. 
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A SYNTHETIC HEXAPLOID WHEAT 


Figure 9 


Plants of (4) Triticum dicoccoides, (C) Aegilops squarrosa, and (B) their allopolyploid 
hybrid, obtained following colchicine treatment, and having the hexaploid number of chromo- 
somes (21 pairs). It is very similar to certain varieties of the hexaploid species 7. spelta. 0.08. 


_ On the other hand, similar studies have 
demonstrated that the tetraploid Ae. 
cylindrica contains one set of chromo- 
somes which pair readily with those of 
the C set of T. spelta and T. vulgare. Yet 
an allopolyploid resulting from a cross 
between Ae. cylindrica and a tetraploid 
wheat would have 56 chromosomes in- 
stead of the required 42. This, therefore, 
appears to eliminate Ae. cylindrica, and 
all other polyploid forms of Aegilops, as 
possible parents of the hexaploid wheats. 

Jenkins’ cytological studies** appeared 
to show the chromosomes of the diploid 
Ae. speltoides Tausch to be closely re- 
lated to one of the two sets in the tetra- 
ploid 7. turgidum. Thompson, Britten, 
and Harding” later produced an allopoly- 
ploid of T. turgidum X Ae. speltoides, 
but this failed to have several of the 
taxonomic characters of either T. vulgare 
or T. spelta. In addition, the F; hybrids 
of this synthetic hexaploid with T. vul- 
gare were only partially fertile. The 
junior author of the present paper has 
produced a similar hexaploid from a 
cross between 7. dicoccoides and Ae. 
speltoides which likewise failed to have 
the taxonomic characters of any of the 


cultivated hexaploids. The F; hybrids of 
T. vulgare and T. spelta with this syn- 
thetic hexaploid are also only partially 
fertile, and are decidedly irregular cyto- 
logically. Sharman** concludes, also, 
from data on number of nucleoli and on 
chromosome pairing in hybrids, that Ae. 
speltoides does not possess the C genome. 

Oehler®® obtained hexaploid forms 
in the Fy of the cross Ae. caudata L 
(n=7) XT. dicoccum (n=14), but they 
are not described as having the charac- 
ters of the cultivated hexaploids. The 
junior author of the present paper has 
produced a similar hexaploid from the 
cross T. dicoccoides & Ae. caudata, but 
this also is far from identical with either 
T. vulgare or T. spelta. 

Sorokina*’ obtained a hexaploid wheat 
from the cross Ae. longissima Schweinf. 
et Muschl. (n=7) XT. durum (n=14). 
This wheat is not described as having 
the characters of T. spelta or T. vulgare, 
and its hybrids with T. vulgare were of 
low fertility and showed cytological ir- 
regularities. Another hexaploid resem- 
bling T. spelta and T. vulgare in some of 
its characters was obtained by Soro- 
kina‘*® from the fifth generation of the 


| 
SMa 


88 The Journal 


cross Ae. ventricosa Tausch (n=14) X 
T. durum (n=14). This hexaploid gave 
highly fertile hybrids with 7. vulgare, 
but Sorokina suggests that it may have 
originated from natural pollination of 
the F2 hybrids with pollen of T. vulgare. 
Another hexaploid produced by Soro- 
kina*® from the cross (Ae. ventricosa X 
.dicoccum) X T. dicoccumyielded high- 
ly fertile F, hybrids with T. vulgare, and 
produced up to 21 bivalents, but it is not 
described as resembling either T. vul- 
gare or T. spelta. That the genome of Ae. 
bicornis may be homologous with the 
third genome of 7. vulgare has been 
suggested by Senjaninova-Korczagina*’, 
on the basis of chromosome morphology, 
and by Sorokina**, on the basis of 
chromosome pairing in certain hybrids. 
However, neither Ae. bicornis (Forsk.) 
Jaub. et Spach, nor any of several allo- 
polyploids involving this species which 
have been produced by the junior author, 
carry the major taxonomic characters 
of either 7. vulgare or T. spelta. Fur- 
thermore, Kihara®® has presented cyto- 
logical evidence that Ae. bicornis does 
not possess the C genome. 

Laumont and Simonet® obtained 42- 
chromosome, vulgare-like forms in F3 
and subsequent generations from the 
cross Ae. triuncialis L. (n=14) X T. 
durum (n=14). Reportedly there was 
little chance for pollination of the hy- 
brids by T. vulgare, but the account 
given of the experiments is too brief to 
establish this point firmly. The results of 
Sears** indicate that Ac. triuncialis is an 
amphidiploid of Ae. caudata K Ae. um- 
bellulata Zhuk.; and neither of these 
species possesses the C genome. 

Pathak*®, as a result of an analysis of 
Senjaninova-Korezagina’s*® figures of 
Aegilops chromosomes, has suggested 
that Ae. squarrosa L. may have con- 
tributed ihe third genome of the vulgare 
group of wheats. 


Synthetic Production of 
Triticum spelta 
Cook’s® announcement of the finding 
in Palestine of natural hybrids between 
T. dicoccoides and some species of Aegi- 
lops came to the senior author’s attention 


of Heredity 


in 1913 directly after reading Stapf’s*® 
theory of the origin of T. spelta from 
Ae. cylindrica, and Burbank’s® article 
on the production of fixed hybrids be- 
tween widely different species. As a re- 
sult, it was immediately postulated that 
the wheats of the vulgare (hexaploid) 
group were “fixed hybrids” (allopoly- 
ploids) between the wild or cultivated 
emmer and some wild relative. Also, 
since T. spelta appeared to be the most 
primitive form of the hexaploid group, 
it was assumed that this species was the 
undifferentiated prototype of that group, 
and that the free-threshing T. vulgare 
and T. compactum were derived from 7. 
spelta as a result of mutations or further 
hybridization after T. spelta had been 
brought under cultivation. 

Preliminary hybridization experiments 
and studies in comparative morphology 
of the various species of wheat and its 
wild relatives designed to test the valid- 
ity of these hypotheses were started in 
the summer of 1913. These studies soon 
revealed that a great many of the charac- 
ters that differentiate T. spelta from the 
emmers (7. dicoccum and T. dicoc- 
coides) are also found in practically all 
of the species of Aegilops. Therefore, to 
determine which species of Aegilops was 
involved, attention was focused on those 
characters found in T. spelta that dif- 
ferentiate the various species of Aegi- 
lops. Special attention was paid to three 
of the more outstanding characters that 
differentiate T. spelta from the emmers. 
These characters were: (1) hollow 
stems; (2) articulation of the rachis be- 
low the point of attachment of the spike- 
lets (Figure 6F); and (3) square- 
shouldered, spatulate empty glumes. 
Three species of Aegilops, crassa Boiss 
cylindrica, and squarrosa, were found to 
have hollow stems and the spelta type of 
fracture of the rachis. But of these three 
species only Ae. squarrosa had the 
square-shouldered, spatulate empty 
glumes. Meanwhile the discovery of the 
existence of polyploidy in both Triticum 
and Aegilops made it appear likely that 
a diploid form of Aegilops had contrib- 
uted the third genome. Here again, the 
evidence pointed to Ae. squarrosa, since 
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it was the only diploid among the three 
species. 

In later years, numerous attempts 
were made by the senior author to ob- 
tain hybrids between Ae. squarrosa and 
the tetraploid wheats. All attempts to 
effect the cross by using the former as 
the seed parent failed, but a single hy- 
brid was finally produced in 1930 by 
using 7. dicoccum var. Vernal as the 
seed parent. The F, plant of this cross 
was grown to maturity in 1931, and as 
anticipated, it carried all of the charac- 
ters of T. spelta, but was completely 
sterile. A spike from this plant is shown 
in Figure 7. The chromosome number 
was not determined, but presumably it 
was the haploid number (21) of T. 
Spelta. 

In 1941, at the senior author’s sug- 
gestion, the junior author repeated this 
cross, using T. dicoccoides var. spontane- 
ovillosum Perc. instead of T. dicoccum, 
and induced chromosome doubling in 
the F, hybrid by colchicine treatment. 


The F, Hybrids of T. dicoccoides 
Ae. squarrosa 


Two F, hybrid plants of T. dicoc- 
cotdesX Ae. squarrosa were produced, 
and multiplied vegetatively to eight. 
These possessed 21 chromosomes and 
carried all of the taxonomic characters 
ot T. spelta. The untreated plants appear 
to have been slightly self-fertile, since 


Table 13. Meiotic chranosome association in 2n and 4n 
Triticum dicoccoides x Aegilops squarrosa 


Degree 1 No. micro- Number per microsporocyte of 
of s8porcoytes Uni valents _Bivalents 
Olyploidy examined Range Average Range Average! 

2n 150 17-21 20.89 O-2% 5 0.05 

an 1 100 O-4 0.24 19621 20,98 


open bivalents. 
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two essentially untreated plants (which 
received a type of colchicine treatment 
shown by other results to be ineffective) 
produced up to seven seeds per spike. 

Six of the F; plants were treated with 
colchicine by a method which has proven 
effective with similar hybrids; viz., 
packing the crowns with cotton and 
periodically wetting this with colchicine 
solution. Several of the treated plants 
produced one or more highly fertile 
spikes, or portions of spikes, which are 
believed to have had the doubled: num- 
ber of chromosomes. 


The Allopolyploids 


The allopolyploid plants (Figure 9) 
from this cross, as anticipated, are high- 
ly fertile hexaploids with all of the 
major taxonomic characters of T. spelta, 
but they are slightly coarser in general 
than most of the present cultivated varie- 
ties of the species (Figure 8). They 
have certain minor features that dis- 
tinguish them from the cultivated form, 
such as longer and harsher glumes, and 
coarser and harsher awns. Also the 
nervation of the glumes is slightly more 
distinct, and the papillae on the glumes 
are more highly developed. Fertility at 
Columbia, Missouri, was 95 per cent, 
based on 108 primary florets from nor- 
mal, vigorous spikes. At College Station, 
Texas, many of the spikes showed a 
fertility of 100 per cent. Chromosome 
association is not significantly less 
regular than that in naturally occurring 
hexaploid wheats. Eighty-nine of the 
100 microsporocytes examined had 21 
pairs, and only one had as many as 
four univalents. Data on chromosome 
pairing in both the doubled and non- 
doubled hybrid are presented in Table 


(To be concluded) 


A PHYSICIST STANDS AMAZED 
AT GENETICS 


A Review 


HEN so eminent a physicist as 

Erwin Schrodinger, the founder 
of wave mechanics, Nobel laureate and 
now professor in Dublin, goes out of his 
way to write a semi-popular book on 
genetics and on the meaning of gene 
and mutation theory for physics, biology, 
and one’s outlook on nature in general, 
scientists of every description will feel 
impelled to take his words very seri- 
ously. Schrodinger’s book* represents 
in most respects the natural reaction of 
one deeply trained in physical phe- 
nomena on first becoming aware, of the 
amazing facts of genetics, a branch. of 
science which he terms “easily the most 
interesting of our days.” This little vol- 
ume should prove valuable in further- 
ing the much needed liaison between the 
fundamentals of the physical and the 
biological sciences.t It is however but 
a first attempt, on the part of one who, 
master though he is of physics, has 
rather recently had his first introduction 
to genetics. It is to be expected that 
its function will mainly be to serve as a 
stimulus for inducing further progress 
in this direction. 

The things that impressed Schroding- 
er chiefly are that the genes are objects 
so small that their mutations are indi- 
vidual quantum phenomena, subject to 
the indeterminacy and the occasional 
absence of energy dissipation of the lat- 
ter, whereas, through gene multiplica- 
tion, the effects of these changes are 
enormously amplified, up to the molar- 
scale phenomena of whole organisms. 
Furthermore, through the evolutionary 
mechanism (the essentials of which are 
however too lightly passed over), they 
are brought into an orderly pattern 


which serves to perpetuate the system 
containing the genes. Despite the con- 
tinuing dissipation of energy (increase 
in “disorder” or “entropy’) taking 
place in the world at large according 
to the second law of thermodynamics, 
there is for organisms themselves a ten- 
dency to increase in “order,” or, as 
Schrodinger terms it, “negative en- 
tropy.” Actually of course this takes 
place only at the expense of more dis- 
sipation of energy (increase of entropy ) 
outside the organisms, as they leave 
their trail of waste behind them. 

Practically all of this is quite familiar 
to general biologists, or at least to gene- 
ticists, although many of them may be 
unaccustomed to Schrodinger’s physi- 
cally more precise terminology. For ex- 
ample, they are used to speaking of 
“potential energy” rather than “nega- 
tive entropy.” And they would describe 
the fact that the genes in a set of chro- 
mosomes are practically all different 
from one another as “complexity” rath- 
er than as “aperiodicity” of the chromo- 
somes. Schrodinger’s use of terms has, 
however, the value, for his purposes, that 
it may serve better, for readers of the 
type to whom he is chiefly addressing 
himself, to bring the phenomena into 
contrast with those in inanimate ma- 
terials. 


Structure of the Chromosome 


Granted that it is most important for 
physicists to become aware of these fun- 
damental peculiarities of living matter 
and for biologists to try to see them 
through the physicists’ eyes, it neverthe- 
less appears to the reviewer that there 
are more fundamental peculiarities still, 


*“What is Life? The Physical Aspect of the Living Cell,” by Erwin Schrédinger, Senior 
Professor at the Dublin Institute for Advanced Studies. Based on Lectures delivered under the 
auspices of the Institute at Trinity College, Dublin, in February, 1943. Cambridge University 


Press. New York: The Macmillan Company. 


tSee “The Need of Physics in the Attack on the Fundamental Problems of Genetics.” 


(1936, Sci. Mon., 44:210-214.) 
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which lie in their turn behind those em- 
phasized, and which the present book 
has taken too much for granted if its 
aim is to consider “what is life?’ The 
reason that, in the first place, the effect 
of a single gene is so inordinately ampli- 
fied in an organism and that, in the sec- 
ond place, gene changes become accu- 
mulated in such a way as (in some lines 
at any rate) to give increasing organi- 
zation that in turn results in the per- 
petuation and spread of the organized 
material at the expense of the rest, is 
because of the very property that makes 
a gene a gene: that is, its ability to 
duplicate not merely itself but its own 
variations (mutations), and to do so to 
an unlimited degree. It is this that, in 
its various expressions, makes possible 
growth, heredity, and evolution, from 
the simplest of beginnings to the most 
complex; and it is this, therefore, that 
causes the great present-day gap be- 
tween the animate and the inanimate 
and so justifies us in separating these 
two categories of nature from one an- 
other. In other words, it is this prop- 
erty that forms the basis of life itself. 
The most fundamental problem of life, 
then, is to discover what it is in the 
structure and workings of the gene and 
its companion materials which renders 
it able to do this. There can be no doubt 
that the explanation will entail not only 
physics but also a good deal of chem- 
istry. However, the suggestive resem- 
blance between the attraction of like 
genes for one another, in-twos, and the 
building of a second gene by the original 
one, gives added hope that physics itself 
will play an important part in the solu- 
tion. 


Gene Duplication 


The above points were, so far as the 
author is aware, first brought out in his 
paper “Variation due to change in the 
individual gene” (Amer. Nat. 56:32-50, 
publ. 1922). Previous treatments of 
gene duplication, as by Troland, as- 
sumed that such duplication merely rep- 
resented an elaboration upon autocataly- 


tic properties common in inorganic ma- 
terials and failed to note the distinction 
that, in the case of the gene, unlike any 
known inorganic “autocatalysts,” the 
duplicating ability applies not only to 
the gene’s original structure but also to 
variations (mutations) which it under- 
goes, and that in fact such variations 
can pile up to an extent which is quanti- 
tatively and qualitatively unlimited, 
without loss of the gene’s power of 
duplication. In other words, the genes, 
unlike other autocatalytic bodies, have a 
generalized capacity for remolding other 
material after their own pattern, what- 
ever (within indefinitely wide limits). 
that pattern may be. It is this which 
causes the genes, and the genes only, to 
undergo biological evolution. Thus it 
was a mistake simply to class gene dupli- 
cation as “autocatalysis,” for thereby the 
most essential and unique element in the 
gene picture, the copying of the varia- 
tions themselves, was lost to view or 
simply taken for granted. The preva- 
lence of the “presence and absence” 
theory, and the related theory allowing 
merely quantitative changes in genes, in 
the early days, helped to perpetuate this 
oversight, since on these views genes do 
not really change, at least not in any 
qualitative manner. 

If the above view of this unique prop- 
erty of the gene, which leads to its in- 
crease in organization through the ages, 
is valid, it does not seem so essential, in 
accounting for the results achieved by 
the genes, that the basic changes in 
them, the mutations, should always be 
simple quantum exchanges involving no 
dissipation of energy (what Schrodinger 
calls proceeding from order to order), 
for it is the role of multiplication and 
selection to bring order out of gene 
changes in any case.* Furthermore, in 
regard to that order, it does not seem 
justifiable to regard it as merely equiva- 
lent to what the physicist means by or- 
der, in contrast to the disorder con- 
noted by his term “entropy.” The 
physicist’s usual conception concerns the 
amount of energy “available,” as op- 


*See “The Method of Evolution” (1929, Sci. Mon., 29 :481-505). 
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posed to that which is dissipated in a 
heterogeneous manner and no _ longer 
capable of further utilization by molar 
systems. Thus, as noted above, it cor- 
responds to what the biologist more 
loosely refers to as “potential chemical 
energy.” On the other hand, order of 
the kind corresponding to the biological 
conception denoted as “organization” is 
very different from this. This sort of 
order, when present for example in a 
physically very feeble scientist, might 
comprise comparatively little energy 
that was directly available within the 
system itself, and yet it might involve 
such a qualitatively advanced kind of ar- 
rangement of parts as to entail enormous 
potentialities for the continuation of 
and spread of that system and for the 
utilization or diverting of further en- 
ergy in the process. What living matter 
tends to do is to perpetuate itself ever 
more securely and to multiply its type 
of organization more and more, what- 
ever sort of system this may involve 
secondarily, and while on the whole this 
process does involve a gathering by the 
organism into itself, for its own use, of 
available energy (“negative entropy” in 
Schrodinger’s terminology), it will often 
be true that this is not the main feature 
of the case, and that the system of lesser 
immediately available energy is biologi- 
cally fitter, i.e. better organized in the 
above sense. And in such instances it 
will be the biologically fitter system, 
rather than what is popularly called the 
“stronger,” which succeeds: i.e., that 
controlling (in its own interests) rather 
than that containing the more energy is 
favored by selection. 

Despite the above criticisms, Schr6- 
dinger’s book should render a valuable 
service in helping to bring some of the 
problems at issue vividly before scien- 
tists in general. Neither is it an impor- 
tant shortcoming that, having become 
acquainted with these problems from the 
reading of a relatively limited group of 
publications, he appears unfamiliar with 
how far back most of them go in the 
thinking of biologists and is apt to at- 
tribute established conceptions to those 
authors in whose articles he happened to 


read about them. Nor would we take 
him to task for occasionally giving an 
incorrect genetic exposition, as when he 
states what he believes to be the grounds 
for the conclusion that mutation occurs 
in only one allele at a time, or for the ge- 
netic calculation of the minimum num- 
ber of genes, or of the size of genes. He 


has disarmingly apologized in advance 


for such deficiencies. 
Free Will 


It is, however, legitimate to hold the 
author to account very rigorously when 
he sails off, in his epilogue “On Deter- 
mination and Free Will,” to use his fore- 
going conceptions as the means of pro- 
jecting his boat on the sea of straight 
old-fashioned mysticism. Even though 
he admits that this last chapter is no 
longer purely scientific, but more or less 
of a subjective response on his part, it 
is startling to find it in a serious work 
by an otherwise so responsible scientist, 
and it cannot but make one wonder about 
the validity of some of his reasoning else- 
where. Biologists admire the profound 
yet precise thinking processes of physi- 
cists when exerted in the physicists’ own 
fields, and they are therefore all the more 
shocked when they witness these ex- 
traordinary brains behaving in escapist 
fashion and weaving the veriest fairy 
tales about phenomena of psychology, 
sociology, or general affairs. But when 
such an outburst, enacted intentionally, 
chooses the field of biology for its arena, 
biologists must flash their red signal. 
If the collaboration of the physicist in 
the attack on biological questions finally 
leads to his concluding that “I am God 
Almighty,” and that the ancient Hindus 
were on the right track after all, his help 
should become suspect. It is hoped, how- 
ever; that the unfortunate revelation of 
this physicist’s inner urge’ will not keep 
the relatively sound expositions in the 
body of the present book from being 
taken seriously, and that an increasingly 
useful rapprochement between physics, 
chemistry and the genetic basis of biolo- 
gy is at last on the way. 

H. J. 
Indiana University 


VARIATION OF EXPRESSION OF 
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FUSED EXTRA TOES 


Figure 10 


Photograph of feet of III-1, aunt of the propositus. Fifth and sixth 
toes are fused and a skin web unites the fused fifth and sixth toes to the 


fourth toe up to the toenail. 


OMINANT polydactyly has been 
[) described by a number of au- 
thors.1 In many pedigrees poly- 
dactyly is dependent upon an irregular 
dominant gene; that is, the defect is oc- 
casionally transmitted by a normal ap- 
pearing carrier. Recessive polydactyly 
has been studied by Snyder in Negroes 
and Oliver in a white race family.? Hef- 
ner’s pedigree shows extreme irregular- 
ity in the inheritance of polydactyly. In 
the latter pedigree polydactyly was asso- 
ciated with a long terminal phalanx of 
the thumb which was inherited quite 
regularly as a dominant character. 

In most polydactylous families there 
is a wide variability in the expression of 
the abnormal condition. Either or both 
hands together with either or both feet 
may be affected. The extra finger or 
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toe may vary from a well formed digit 
with phalanges and even its own meta- 
carpal or metatarsal bone to a mere 
fleshy protuberance. Variation in the 
structure and position of the extra digit 
often occurs among different affected 
members of the same pedigree. 

The purpose of the present paper is to 
describe a new pedigree of polydactyly 
of the feet only in which both expression 
of the abnormality and its hereditary 
transmission are highly irregular. The 
propositus of the pedigree, IV-28, has 
six fully formed toes on each foot, as the 
photograph and X-ray photograph in 
Figures 11 and 12, respectively show. On 
the left foot there is a skin web uniting 
the fifth and sixth toes for a short dis- 
tance. The only inconvenience from the 
polydactylous condition was in getting 
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SIX TOES 


Figure 11 
Photograph of the feet of the polydactylous propositus, IV-28. Note the short skin web 


between the fifth and sixth toes of the left foot. 


fitted with sufficiently broad _ shoes. 
Examination of Figure 12 discloses that 
the fourth and fifth metatarsals of each 
foot are fused at the base. The sixth 
metatarsal on each foot articulates in- 
dependently of the fused fourth and fifth 
metatarsals. The phalanges of all six 
digits on each foot are normal. 

In Figure 10 appears a photograph of 
the feet of III-1, paternal aunt of the 
propositus. The toes of the left foot 
are seen to be normal. The fifth toe of 
the right foot is extremely broad. The 
nail of the broad fifth toe is said to 
possess a shallow longitudinal groove 
down the middle according to a de- 
scription and diagram given by III-1 in 
a letter to the authors. This groove ap- 
pears only indistinctly in the photograph 
given in Figure 10. In addition, the 
fourth and fifth toes of III-1 are united 
by a long skin web proximal to the toe- 
nails of these toes. Unfortunately it 
was impossible to obtain an X-ray photo- 
graph of the feet of III-1. The feet of 
a cousin, II-1, and a niece, IV-23, of 
III-1 appear similar to hers. The niece, 
IV-23, is a sister of the polydactylous 
propositus. There were no other abnor- 
malities of the feet in this family. The 
authors conclude that the broad fifth toe 
with the divided toenail is a variation of 
the expression of polydactyly. Skin web- 


bing of the fourth and fifth toes in this 
pedigree is never found in individuals 
without a broad fifth toe. A short skin 
web was found between the fifth and 
sixth toes of the left foot of the poly- 
dactylous propositus. 

Figure 13 shows a diagram of the 
pedigree of the polydactylous family. In- 
formation regarding this pedigree was 
derived from conversations with the pro- 
positus, IV-28, and extensive corre- 
spondence with his two aunts, III-1 and 
III-11, and his father, III-13. The in- 
formants were highly intelligent and co- 
operative. Although the pedigree is pre- 
sented in condensed form, the order of 
births is known in every sibship with the 
exception of sibships IV-8, 9 and IV-10, 
11. No polydactylous individuals oc- 
curred in the family of the mother (III- 
14) of the propositus. Examination of 
the pedigree reveals only four affected 
members: II-1, III-1, 1V-23, and IV-28. 
Consanguinity between the mother, ITI- 
14, and the father, III-13, of the propo- 
situs, IV-28, was denied. According to 
aunts of the propositus, the family tree 
had been traced for four generations back 
of their generation (III), and no inter- 
marriages had occurred. 

If a recessive gene were responsible 
for polydactyly in this pedigree, the as- 
sumption would have to be made that 
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BASES OF TWO TOES FUSED 


Figure 12 
X-Ray photograph of the feet of the propositus, IV-28. Note the fusion of the proximal 


ends of the fourth and fifth metatarsals. 


the normal appearing spouses, I-1 and 
I-2; II-2 and II-3; III-13 and III-14 
were all heterozygous for the recessive 
polydactyly gene. This is extremely un- 
likely in the absence of any evidence of 
inbreeding, since polydactyly occurs but 
rarely in the population. 

Polydactyly in this pedigree must then 
be dependent upon a dominant gene or 
genes. Possibly polydactyly is asso- 
ciated with another anomaly not appar- 
ent to the eye which is caused by a sin- 
gle dominant gene as in Hefner’s case 
of polydactyly associated with long ter- 
minal phalanx of the thumb. The pres- 
ent pedigree does not resemble typical 
polydactyly pedigrees in which the ab- 
normality is dependent upon an irregular 
dominant gene. In such pedigrees nor- 
mal appearing carriers transmitting the 
dominant polydactyly gene occur but 
rarely. As a result a good approxima- 


tion to the 1:1 ratio of normal to affected 
progeny from marriages of polydactylys 
or carriers of the polydactyly gene with 
non-polydactylous persons is obtained. 
In the present pedigree only four poly- 
dactylous individuals occur. 

Rareness of polydactylous members of 
this pedigree might be attributed to the 
interaction of modifying genes with a 
single main dominant gene determining 
the abnormality. Different modifying 
genes must be introduced with each mar- 
riage of an individual carrying the main 
dominant gene to a normal individual. 
On the basis of this hypothesis one would 
expect some of the critical marriages of 
the pedigree to give one half polydac- 
tylous members and one half normals, 
while other critical marriages yielded 
an excess of normal persons (owing to 
the certain modifying genes). In none 
of the families of the present pedigree is 
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SKIPPED GENERATIONS 


The rareness of extra toes in the 
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Figure 13 
population makes it unlikely that this character is a recessive. The sim 


The Journal of Heredity 


that two dominant genes are necessary for the expression of the character, one very rare; one relatively com 


there a ratio of one half affected to one 
half normal individuals. 

On the other hand the absence of 
many affected persons may be explained 
by the assumption that this type of poly- 
dactyly is dependent upon the simul- 
taneous presence of two dominant genes : 
one, a rare gene in the population; the 
other, a fairly common gene. Thus the 
trait appears to “run in the family” of 
the paternal family line of the propositus 
because the rare dominant gene is found 
in the descendants of a parent of I-1 and 
I-3. The second dominant gene neces- 
sary for expression of polydactyly in 
this pedigree must be assumed to be 
fairly common in the population because 
it is introduced by the three individuals: 
I-2, II-3, and III-14. On the hypothesis 
of two dominant genes, one-fourth af- 
fected progeny are expected from mar- 
riages in which each parent contributes 
a different dominant gene. The observed 
proportion of affected progeny from 
narriages of II-2 with II-3 and III-13 
with III-14 is 3 affected to 15 normal, 
a close approximation to this ratio. 
Larger numbers would, however, be nec- 
essary to confirm the significance of this 
distribution. 


Summary 


A new pedigree of polydactyly of the 
feet only is described. The abnormality, 
although inherited in irregular fashion, 
appears to be dependent upon two domi- 
nant genes, both necessary for the ex- 
pression of this type of polydactyly. 
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An Introduction to Human 
Heredity and Eugenics: 


HOW HEREDITY 
BUILDS OUR LIVES 


BY ROBERT C. COOK 
AND 
BARBARA STODDARD BURKS 


Illustrated with drawings by Clyde 
E. Keeler and photographs and 
charts from the Journal of Hered- 
ity. This booklet offers the student 
an informal introduction to hered- 
ity, environment, and their inter- 
actions. 
64 pages; 27 figures; 75c per 
copy—$5.00 per dozen. 
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INBRED MICE 


For Research in Experimental 
Biology and Medicine 


The Jackson Memorial Laboratory 
will welcome inquiries from scien- 
tific laboratories and hospitals con- 
cerning the suitability of inbred 
stocks available for special experi- 
mental problems. 
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FEEDS for Your “Lab” Animals 


DEPENDABLE (feeds are important in 


the laboratory where tests of various kinds are 
being made on small animals. 

Dickinson, producer of the well known Globe 
Feeds, is one of the oldest and most reliable 


feed houses from which to buy your “Lab” 


animal feed. 

Globe Feeds supply complete rations. They 
are dry ... easily stored ... take up little space 
. .. and involve little waste. They hold the same 
high standard of quality frem year to year. 


GENEROUS SAMPLES FREE 
To supervisors of experimental animals, we will send a 
free ple, large gh to make an adequate test. Just 
tell us the kind and quantity of food desired. 


FOR RABBITS 


Globe Rabbit Glob-ets to be 
supplemented with hay. 

Globe Rabbit with Alfalfa, meal 
form—complete. 

Globe Rabbit with Alfalfa, pel- 
let form—complete. 


FOR RATS AND MICB 


Dickinson’s Dog Food—Nugget 
—Pellet or meal form. Dick- 
inson’s Kibbled Dog Food. 


FOR GUINEA PIGS 


Globe Rabbit Glob-ets to be 
supplemented with hay. 

Globe Rabbit with Alfalfa, meal 
form—complete. 

Globe Rabbit with Alfalfa, pel- 
let form—complete. 

Supplement with Vitamin C car- 
tier three times a week. 
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2714 WEST 35TH STREET 
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